Objective-To measure total energy expenditure and body composition in small for gestational age (SGA) infants, to investigate hypermetabolism. Methods-A cross-sectional study was performed in 52 small for gestational age (SGA) measured at 5 weeks of age, using existing data from appropriate for gestational age (AGA) infants as controls. The doubly-labelled water technique was used to assess both total energy expenditure and body composition in both cohorts of infants.
It has long been suggested that small for gestational age (SGA) infants have a higher metabolic rate than appropriate for gestational age (AGA) infants,' leading to the concept of relative hypermetabolism in SGA infants. Understanding the pathophysiology of energy metabolism in growth retarded and undernourished infants is of considerable importance in nutritional management and may have implications for long term outcome. However, it is also known that body composition is altered in SGA infants, with a reduction in fat stores. 6 Differences in body composition can produce artificial differences in metabolic rate when this is expressed as kJ/kg body weight or as oxygen consumption in ml/kg body weight."' Metabolic variables are better expressed relative to fat free mass (FFM) ('H and 180) and the subsequent collection of spot urine samples for seven days. Isotopic enrichment in the pre-dosing sample and post-dose samples were analysed using isotope-ratio mass spectrometry. The multipoint approach was used with an assumed respiratory quotient over the seven days of 0.855.
Fat free mass (FFM) was calculated from the measurement of total body water inherent in the doubly-labelled water technique. Reference values '7 were used for the proportion of water in FFM in the calculation. Body weight, length, and head circumference were also recorded.
STATISTICAL ANALYSIS
The relation between TEE and FFM in the AGA and SGA groups was modelled by multiple regression, with TEE as the dependent variable. Both TEE and FFM were analysed after logarithmic transformation, to test for a power relation and to adjust for heteroscedasticity. The difference between groups was modelled by a dummy variable (1/0) identifying the SGA group, and an interaction between the SGA babies and FFM was also tested for.
Results
Measurements of total energy expenditure were obtained in 89 (49 AGA; 40 SGA) Total energy expenditure in SGA infants Fat free mass (kg) Figure 1 Relation between total energy expena (TEE) andfatfree mass (FFM) in SGA and, infants. SGA infants were lighter, shorter, and had a smaller head circumference than AGA infants. Moreover, body composition differed: the SGA ts, one of infants had a significantly lower percentage f 5 weeks, body fat. The definition of SGA below the 10th the study centile will clearly produce a heterogenous ier loss of group of infants and the reasons for their relaance and tive smallness may be varied. Nevertheless, the luring or definition is a standard one and the differences ficant dif-we found in the relation between FFM and receiving TEE might not have been so profound if the have been smallness of the babies was produced by a vast array of causes. the two Total energy expenditure differs in SGA shown in compared with AGA infants when the FFM of nificantly the infants is taken into account. Further meaid a lower sures of energy metabolism, such as sleeping re shorter metabolic rate, the energy cost of growth, and y fat (t = thermogenesis would be required to evaluate diture did which components of total energy expenditure ita on the are raised in SGA infants. Nevertheless, )re." The existing data in slightly older infants suggest both the that the largest components of TEE are basal ig 1. metabolic rate and the energy cost of activion analy-ity. '8 19 It should be remembered that while the appropri-energy cost of growth is very high at 5 weeks of -that is, age, this cost is primarily energy stored and this t from 1, will not be measured by the doubly labelled djusts for water technique as energy expended. FurtherThere is little evidence to suggest that the tthe rela-energy cost of activity is greater in SGA I between infants, and in fact, several studies have Ltercept of reported similar levels of activity, when comicantly (t pared with AGA infants.' Therefore, it is ot signifi-more likely that basal metabolic rate is greater This indi-per kilogram of FFM in SGA infants. The two the total compartment body composition model-that is greater is, dividing the body into fat and fat free This study shows that total energy expenditure is significantly higher in SGA infants when FFM has been adjusted for. If energy requirements of SGA babies are based, therefore, on body weight alone, using national or international recommendations the energy requirement will be underestimated. Such data should be taken into account when energy requirements for SGA infants are being considered. gestational age infants. 
